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Data from a replicated plot experiment laid out to evaluate the responses of plants to season of burn are analysed. 
The initial results were published by C.L. Wicht in 1948, but the results of subsequent surveys were not published. 
Plant densities were affected by the month in which the vegetation was burnt. Seedling densities were closest 
to parent plant densities after fires from January to April. The seasonal trend was strongly influenced by the effects 
of an unusually dry summer during 1945 and a low winter rainfall in 1946. Species richness and turnover differed 
after fires in different months. The smallest changes in species composition occurred after fires from December 
to April. The seasonal trends were also strongly influenced by the rainfall patterns during 1945 and 1946. Four 
uncommon species (one exotic) were not found again in the post-fire surveys and twenty new species (one exotic), 
including geophytes, first appeared after the fires. Forty-three species were recorded in all the surveys and a further 
seven species were not consistently recorded. A total of seventy-four were recorded in the surveys analysed. 
The highest number of species was found in young vegetation and the numbers declined with age, a pattern 
which fits the inhibition model of plant succession. 
Data van 'n gerepliseerde proefneming, wat uitgele is om die invloed van brandseisoen op plante te bestudeer, 
word ontleed. Die aanvanklike resultate is in 1948 deur C.L. Wicht gepubliseer, maar die resultate van daaropvolgende 
opnames nooit. Die digtheid van plante na die brand is be'invloed deur die maand waarin die plantegroei gebrand 
is. Saailingdigthede na Januarie tot April brande was die naaste aan die oorspronklike ouerplant-digthede. Hierdie 
seisoenale neiging is sterk be'invloed deur 'n ongewoon droe somer gedurende 1945 en 'n lae winterreenval 
gedurende 1946. Spesie-rykheid en spesie-omset het verskil na brande in verskillende maande. Na brande in 
Desember tot April was daar die kleinste veranderings in spesie-samestelling. Hierdie seisoenale patroon is sterk 
be'invloed deur die reenvalpatrone gedurende 1945 en 1946. Vier skaars spesies (een uitheems) het nie na die 
brande in opnames voorgekom nie en twintig nuwe spesies (een uitheems), geofiete ingesluit, het na die brande 
verskyn. Drie-en-veertig spesies was aanwesig in al die opnames en 'n verdere sewe spesies was nie deurgaans 
teenwoordig nie. 'n Totaal van vier-en-sewentig spesies is waargeneem in die ge-analiseerde opnames. Die grootste 
aantal spesies het in jong plantegroei voorgekom en die getal het afgeneem namate die plantegroei ouer geword 
het, 'n tendens wat die inhibisie-model van plantsuksessie pas. 
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Introduction seed set and seed development (Keeley 1977). Seeding species 
are also affected by the post-fire climatic patterns and the 
activities of pathogens, granivores and herbivores (Gill 1981). 
Keeley (1977) found a strong relationship between precipitation 
and the formation of floral primordia in a number of species 
in the California chaparral and, therefore, the seed yields in 
the following year. Sprouting species have well-established root 
systems and energy reserves so that their recovery will be less 
dependent on season of burn. However, factors such as 
seasonal variations in fire intensity and the ability of the plant 
to grow new tissue can also determine the responses of 
sprouters to season of burn (Gill 1981). 
Wicht (1948) laid out a replicated trial in the J onkershoek 
valley in 1944. The experiment was designed to examine the 
effects of season of burn on fynbos, to verify statistically the 
patterns of regeneration described by Adamson (1935) and 
to detect possible effects of season of burn, as suggested by 
Levyns (1924, 1929, 1935a), on the community. The treat-
ments were completed in 1945 and Wicht (1948) described 
the layout, the pre-fire community and the initial results of 
half of the treatments . 
Studies on the effects of season of burn on populations 
of fynbos plant species have been confined to the Proteaceae 
with canopy-stored seed. Bond (1984), Bond et al. (1984) and 
Van Wilgen & Viviers (1985) have shown that these species 
regenerate most successfully after fires in summer and 
autumn. Many of the Proteaceae could become locally extinct 
after successive fires in spring because of the cumulative effect 
of the decline in their populations. These patterns fit the 
suggestion by Wicht (1945), Taylor (1978) and Kruger (1979) 
that the 'natural' fire season, and hence the best time to burn 
fynbos , is from November to April. 
Plants can be divided into natural groups according to the 
way in which they regenerate after fire (Wicht 1945; Carpenter 
& Recher 1979; Gill 1981). The primary division is into species 
dependant on seed reserves for regeneration (seeders) and 
species also, or only, able to regenerate from protected buds 
(sprouters). The regeneration of seeding species is influenced 
by climatic conditions and the activities of herbivores during 
the periods of flower bud initiation, flower development, 
If seedling densities are proportional to the size of the pre-
fire seed store and if losses from the seed bank are gradual 
then seedling densities should track the seasonal pattern of 
seed inputs and losses from a species' seed reserves. The result 
would be that the density of seedlings after fires in different 
months should follow a cyclical pattern, reaching a peak 
during the period when the seed crop is shed and a minimum 
before the latest crop is released. The variation in density 
would be highest for species whose seed was short-lived and 
germinated each year, and lowest for species whose seed was 
long-lived and dormant and accumulated in a seed bank. For 
the latter species the range of variation would decrease as the 
post-fire age increases because the annual crops of seed 
accumulated in the seed bank act as a buffer. 
Species richness, the number of species per unit area 
(Whittaker 1975), is a useful index of a community's response 
to treatment. Changes in the species composition and the 
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number of species are termed species turnover. Shugart & Hett 
(1973) defined species turnover as the loss of species during 
succession. Both species losses and species gains are treated 
as species turnover in this paper. The complete species citations 
are given in Appendix 1. 
In this paper I test the following hypotheses about plant 
species with soil-stored seed: 
(1) Season of burn has no effect on seedling densities. 
(2) Season of burn has no effect on species richness and 
species turnover following fires. 
A review of Wicht's experiment 
The study site is situated in the Jonkershoek valley (Figure 
1) at an altitude of 275 m in vegetation that was burnt in 
November 1938. The site was chosen for its apparent floristic 
uniformity and easy access. It has a north-easterly aspect, a 
slope of 20° and deep, well-drained, loam soils derived from 
granites and sandstone colluvium (Versfeld 1981). The mean 
annual rainfall is 1273 mm (Van Lill 1976). 
A randomized block design with five replicates of the eight 
treatments was used. Quadrat size was 2 x 2 m with 2-m 
wide strips between quadrats. Five quadrats were burnt in the 
middle of each of the months from January to April and 
September to December of 1945. Vegetation from the sur-
rounds had to be added to achieve clean burns (Wicht 1948). 
The fires would have been cool as fynbos fires build up slowly 
except under very hot conditions (D.C. Le Maitre pers. obs.). 
All the quadrats were surveyed in January 1945 and again 
in July 1945, January 1946, February 1947 and January 1948, 
1949 and 1951. 
The site had three major drawbacks: 
(1) There were no overstorey Proteaceae except one shrub 
of Protea burchelli (Wicht, field notes). The absence of this 
Figure 1 A map of the 10nkershoek valley showing the location of 
the study site and the main features of the area. 
285 
otherwise common plant form on granitic soils (see Rourke 
1982; McDonald 1985) is a strong indication that the site had 
been frequently disturbed, and that only the plant species able 
to survive the disturbances remained. The community was 
only 7 years old when the experiment was carried out, which 
was consistent with the recommendations of the committee 
that investigated the preservation of fynbos (Wicht 1945), but 
much younger than is currently recommended (Van Wilgen 
1981). Larger quadrats would have been necessary to ac-
comodate the canopy spread of large overstorey Proteaceae 
but small quadrats were essential to restrict the total area 
required to an homogenous plant community (Wicht 1948). 
This may have been a factor in favour of choosing a site 
without these large shrubs. 
(2) There were no Ericaceae and the Restionaceae were only 
represented by scattered individuals of Restio cuspidatus. This 
means that these results do not provide data on the effects 
of fire season on these taxa which are prominent elements 
of mountain fynbos (Taylor 1978). 
(3) Granitic soils differ in nutrient levels, depth, texture and 
rockiness from the more widespread and typical sandstone 
soils (M. Fry, pers. comm. 1984). Van der Merwe (1966), 
Werger et al. (1972) and McDonald (1985) found that com-
munities on sandstone-derived soils could be distinguished 
floristically from those on granite soils or mixtures of the two. 
Kruger (1984) has suggested that succession and recruitment 
patterns on these soils may differ in detail from those found 
in plant communities on sandstone soils. 
It is evident that the results of this experiment cannot simply 
be extrapolated to other communities and areas, although they 
do provide data on the responses of this particular plant 
community to fires in different months. 
Wicht (1948) drew the following conclusions from observa-
tions of the quadrats burnt from January 1945 to April 1945 
and the, as yet, unburnt quadrats: 
(1) An exceptionally dry autumn delayed recovery on the 
treated quadrats, but sprouting species showed some recovery 
prior to the winter rains. 
(2) Germination began and sprouting was accelerated fol-
lowing winter rains. This response was later inhibited by low 
temperatures during the winter. 
(3) Certain species, notably Oxalis spp. other geophytes and 
sprouters, began flowering in the succeeding spring. 
(4) Dense germination followed the winter rains on both burnt 
and unburnt quadrats. There was a mean of 1201 plants per 
quadrat, with 366 of these being seedlings (mainly Antho-
spermum aethiopicum) in July 1945. Few of these seedlings 
appeared to survive the summer. Seed germination during the 
winter in mature vegetation appeared to be a normal event. 
(5) Flowering of certain species e.g. Androcymbium capense 
and Oxalis purpurea, was increased by burning, while others 
e.g. 0. versicolor and Babiana disticha flowered normally. 
Seeding species on the other hand tended to have juvenile 
periods long enough to miss the first flowering season after 
the fire. 
Methods 
Climatic data were obtained from Van Lill (1976) and un-
published records of the Department of Environment Affairs. 
Rainfall data are from gauge 7 A situated 0,5 km NE of the 
site and at the same altitude. 
Plant density 
Anthospermum aethiopicum, Stoebe species, Ficinia capillaris 
and the grasses were selected for analysis because they occured 
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in comparable densities on all the quadrats. I used an analysis 
of variance (ANOVA procedure, SAS 1985) to examine the 
effects of treatment on the density of these species. A square 
root transformation was used to normalize the density data. 
The pre-fire density was used as a covariate in the analyses 
because of the wide range in plant densities before the treat-
ments. The experimental design meant that the fIrst winter 
seed germination period for the January to April treatments 
was in 1945. The corresponding period for the September to 
December treatments was the winter of 1946. Since valid 
comparisons of plant densities can only be done for popula-
tions of the same effective age the analyses must be structured 
to allow for this. For example the post-fIre data for 1946 for 
the January to April treatments and the 1947 data for the 
September to December treatments must be used to obtain 
a valid comparison of the data for the first year after the fIre 
with the pre-fIre (1945) data for all treatments. The same 
applies to the analyses of the data on species turnover. 
Species richness and turnover 
The species lists for the successive surveys of each quadrat 
were compared to minimize the possibility of species mis-
identifIcations or of duplicate names for the same taxon. The 
sum (per treatment) of the number of species lost versus 
species gained on each quadrat, between successive sets of 
surveys, was compared in a contingency table. A Chi-square 
test (FREQ procedure, SAS 1985) was used to determine the 
significance of trends in the data. Sorenson's index of com-
munity constancy (Sorenson 1948 in Mueller-Dombois & 
Ellenberg 1974): 
Percentage constancy = 2 X c X 100 
a + b 
(where a = the total number of species in set A, b = the 
total number of species in set B, and c = the number of 
species common to A and B), was calculated for the successive 
surveys. However different sets of values of the input variables 
a, band c can produce the same index value, limiting its 
usefulness. The multiplication of the number of species in 
common (c) by two also exaggerates the percentage constancy 
so that an index of 80070 means that the number of species 
in common is only 0,4 times the sum of the species in the 
two sets. 
Results 
Climate 
Jonkershoek has a humid mediterranean climate with more 
than 70% of the rainfall occurring from April to September. 
The 30-year mean rainfall is compared with rainfall data for 
the period from 1944 to 1946 in Figure 2. The rainfall during 
January, February and March 1945 was below average, with 
only 0,5 mm in January, no rain in February and 11,5 mm 
in March. There is only one other rainless February in the 
30-year record. This is also the lowest total rainfall on record 
for these 3 months. The rainfall patterns for 1944 and 1946 
are closer to the 30-year average although the winter rainfall 
in 1946 was low. The mean daily temperatures in January, 
February and April 1945 were also unusually high, greater 
than the 30-year mean plus one standard deviation (Van Lill 
1976). 
Plant density 
Changes in total plant density are shown in Figure 3. The 
seedling densities after the fIres from January to April were 
much higher than those after the fIres from September to 
300 
E 200 
§ 
! 
c 
.~ 
,.. 
~ 100 
6 
::;; 
J 0 
1944 
Date 
S.-Afr. Tydskr. Plantk., 1987, 53(4) 
J 0 
'945 
J 
'946 
Figure 2 A comparison of the 3D-year mean monthly rainfall (broken 
line) and the monthly rainfall (solid line) from January 1944 to December 
1946. The stars indicate the months during which the treatment burns 
were carried out. 
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Figure 3 Changes in mean plant density (plants per 4 m2) after fires 
in different months. Five quadrats were burnt in each month (the months 
are given in the key). 
December, a difference maintained through to 1951 . There 
was a large decline in seedling densities in the January to April 
treatments in the second year after the fires, probably as a 
result of density-dependent thinning after establishment. The 
changes in the populations of the selected species (Tables 1 
& 2) also follow the same patterns. The tests for the different 
years show that the significant differences in density are 
between the September to December and the January to April 
treatments rather than month per se. However the com-
parisons also emphasize the significance of the fluctuations 
in density, particularly in the grasses (Table 2) and the 
tendency for the effect to disappear with age, as shown in 
Figure 3. The inherent differences in densities between 
treatments for grasses mask the treatment effects. An inspec-
tion of the mean densities of grasses (Table 2), shows that 
the increase in the effect of month in 1948/9 and 1951 (Table 
1) are due to a high density of grasses in the September and 
October treatments and a low density in the February and 
March treatments. These trends cannot be explained at 
present. The mean densities for Anthospermum aethiopicum 
(Table 2) are closest to the average change after the January 
to April treatments. A comparison of 1945 with 1951 shows 
that the September and October treatments differ most from 
expected values. 
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Table 1 (a) Mean densities (number per 4 m2) of selected plant species or groups 
of species recorded during the surveys of the five 4-m2 quadrats per treatment. The 
data are grouped into blocks of treatments as follows: J - A = January to April 
and S - D = September to December. The 1945 data are the densities on the 
quadrats before the fires 
Species or group 
Anthospermum Ficinia 
aethiopicum Stoebe spp. capillaris Grasses 
(seeder) (few sprout) (seeder) (many sprout) 
Year J - A S - D J - A S - D J - A S - D J - A S-D 
1945 53,6 45,1 18,9 19,1 43,4 42,3 18,3 18,3 
1946 130,1 0,8 41,2 8,3 98,6 12,0 24,1 18,7 
1947 82,9 16,0 30,0 14,1 49,6 21,6 19,7 16,1 
1948 61,0 19,9 23,6 13,1 56,6 29,1 15,8 23,6 
1949 74,4 30,7 27,1 13,6 47,5 36,8 17,8 23,8 
1951 46,7 30,3 14,4 10,6 46,8 20,4 12,9 19,1 
(b) The probability (analysis of variance F-test) that seedling densities differed 
between fires from January to April (J - A) and September to December (S - D) 
(adjusted for the covariate pre-fire density). The structure of the analysis is explained 
under methods 
Comparison 
1945 Species 
vs. 
Anthospermum Stoebe Ficinia 
J-A S - D aethiopicum spp. capillaris Grasses 
1946 1947 0,0001 0,0040 0,0001 0,2096 
1947 1948 0,0001 0,0071 0,00 13 0,2251 
1948 1949 0,0128 0,0896 0,0045 0,0228 
1951 1951 0,2498 0,4213 0,1530 0,1150 
Table 2 The effects of fires in different months on the 
recruitment of Anthospermum aethiopicum (seeder) 
and grasses (mainly sprouters). The figures in the Table 
are the total number of plants on the five 4-m2 qua-
drats burnt in each month. The 1945 data are the pre-
fire density 
Anthospermum aethiopicum 
Month when burnt 
Year Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. 
1945 238 193 250 220 370 199 255 247 
1946 15 0 0 0 993 413 491 705 
1948 63 93 126 115 449 207 242 449 
1949 121 151 183 158 499 270 361 358 
1951 117 133 154 201 338 173 223 200 
Grasses 
Month when burnt 
Year Sept. Oct. Nov. Dec. Jan . Feb. Mar . Apr. 
1945 106 105 61 93 134 64 82 85 
1946 140 103 78 52 140 133 93 115 
1947 100 81 63 78 97 137 58 101 
1948 151 124 120 76 107 57 52 100 
1949 161 152 105 75 123 72 55 106 
1951 133 96 78 75 84 52 46 75 
Species richness 
Changes in species richness with post-fire age are .illustrated 
in Figures 4 & 5. There are clear differences (Figure 4) in 
response to treatments, with spring (September to November) 
Date 
Figure 4 Changes in species richness following fires in different 
months. The data are expressed as a percentage of the mean pre-fire 
richness on five 4_m2 quadrats (the months are given in the key). 
burns having fewer species per quadrat in January 1946 and 
February 1947 (after the first wet season for the September 
to December treatments) while the summer December burn 
has somewhat higher richness . The January to April burns 
resulted in the greatest increases in species richness . The 
February burn maintains this high species richness whilst the 
January, March and April treatments show a decline in species 
richness in the second year after the fire. The highest total 
number of species was recorded in 1947 even though the 
number of species in the January to April treatments had 
declined. 
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Figure 5 Changes in species richness with increasing actual post-fire 
age. Data are the mean number of species on five 4_m2 quadrats burnt 
in the months from January to April and September to December 1945. 
The quadrats were surveyed in January 1946, February 1947 and in 
January 1948, 1949 and 1951. 
Table 3 A list of species not recorded in one or 
more of the successive annual surveys of forty 4-m2 
quadrats burnt in 1945. The frequency of the species 
is indicated by the number of quadrats on which 
the species occurred. The 1945 data is the pre-fire 
survey 
Year of Survey 
Species 1945 1946 1947 1951 
Cymbopogon marginatus 0 0 9 11 
Heteropogon contortus 0 0 0 I 
Ehrharta calycina 0 6 5 2 
Plagiochloa uniolae 0 20 23 16 
Briza maxima (exotic) 0 0 3 0 
Androcymbium capense 0 17 3 0 
Cyanel/a hyacinthoides 2 5 6 0 
Moraea viscaria 0 I 0 
Hexaglottis longijolia 0 0 12 0 
Aristea africana 0 1 0 0 
Gladiolus carneus 1 0 0 
Micranthus alopecuroides 9 3 0 
Protea burchellii 1 0 0 0 
Thesium sp. cf. T. virgatum 0 0 0 
Clijfortia atrata 0 0 27 14 
Clijfortia pterocarpa 0 0 0 
Aspalathus ciliaris 0 0 12 5 
Lessertia capensis 0 1 0 0 
Polygala bracteolata 0 0 0 
Hermannia alnijolia 0 0 2 
Passerina vulgaris 0 0 0 
Oftia africana 1 0 0 0 
Selago spuria 0 1 0 0 
Agathelpis dubia 0 16 22 7 
Scabiosa columbaria 0 9 9 0 
Helichrysum cylindrij/orum 17 0 20 9 
Helichrysum cymosum 0 5 0 6 
Helichrysum odoratissimum 0 0 14 3 
Helichrysum teretijolium 0 4 10 14 
Stoebe aethiopica 0 0 3 3 
Elytropappus gnaphaloides 8 6 0 9 
Senecio pubigerus 0 26 37 4 
Dimorphotheca sp. cf. D. pluvialis 0 3 4 5 
Chrysanthemoides monilijera 0 0 2 2 
Sonchus oleraceus (exotic) 0 0 0 
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The werall trends in ,pecies richness with increasing post-
fire age are presented in Figure 5. In the first 6 months the 
species present are largely sprouters. The subsequent rapid 
increase from 6 to 12 months of age is due to the appearance 
of seed-regenerating species following the first wet season after 
fires from January to April. 
Species turnover 
Species absent from one or more surveys of all quadrats but 
present in others are listed in Table 3. Only four species were 
not found again in the post-fire surveys and none of them 
had been present on more than one quadrat (Table 3). Several 
of the new species, notably the geophytes, were only found 
in the 1946 or 1947 surveys and were dormant in 1945 and 
1951 (Table 3). 
The changes in species composition from the pre-fire 
community to the community after the first wet season are 
summarized in Table 4. Species losses and gains were both 
influenced by the treatments, although the species gains were 
less affected than the species losses which differ markedly 
between the January to April and September to December 
sets of treatments (Table 4). The least species were lost after 
the February burns and the most after the November burns. 
The March and October treatments gained the most species. 
Sorenson's index of community constancy for the pre- and 
post-fire communities is an average of 790/0. 
The changes in species composition from the first wet 
season after the fire to the last survey are summarized in Table 
5. The April, September and October treatments had the most 
marked effects, but the overall changes were barely significant 
(Table 5). Sorenson's index shows that, on average, the 
constancy of the community during the post-fire succession 
is 75%. By 1951 there were no longer any statistically sig-
nificant differences in turnover between treatments (Table 6) 
and the average Sorenson index is 810/0. A comparison of 
the Sorenson index in Tables 4 to 6 suggests that the species 
composition of the mature post-fire community is closer to 
the pre-fire state than the initial community established during 
the first wet season after the fire . 
Table 4 Species turnover on 4-m2 quadrats after fires 
in different months. The data compare species turnover 
between the pre-fire community and the community 
one wet season after the fire. The Chi-square value of 
26,43 (7 d.f., P < 0,001) and Sorenson's index were 
calculated from the total changes per treatment (Table 
value x 5 quadrats per treatment). The distribution of 
the Chi-square (CSQ) value indicates the importance 
of the changes recorded e.g. 30% of 26,43 was due to 
the September treatment 
Comparison 
1945 vs . 
1946 
1947 
1946 
1947 
Month 
of 
burn 
January 
February 
March 
April 
September 
October 
November 
December 
Jan - Apr 
Sept- Dec 
Mean number 
of 
species! quadrat 
Lost Gained 
4,0 8,6 
2,6 8,6 
4,2 10,0 
3,6 9,2 
7,4 6,0 
7,2 9,6 
7,8 7,2 
5,2 8,0 
3,6 9,1 
6,9 7,7 
Percent Sorenson 
of CSQ index 
value (0/0) 
4,5 81,0 
20,9 83,5 
9,0 76,7 
10,9 81,0 
30,0 80,0 
2,6 72,3 
22,0 78,7 
0,1 78,3 
80,6 
77,3 
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Table 5 Species turnover between the first wet sea-
son after treatment and the final survey in 1951 . The 
Chi-square (CSQ) value of 15,01 (7 d.f., P = 0,04) and 
Sorenson's index were calculated from the total 
changes per treatment (Table value x 5 quadrats per 
treatment) 
Mean number 
of 
Month species/ quadrat Percent Sorenson 
Comparison of of CSQ index 
1951 vs. burn Lost Gained value (070) 
1946 January 9,4 3,2 12 74,9 
February 10,2 3,8 9 73,5 
March 10,4 5,0 < 1 71,6 
April 11,0 3,4 21 70,2 
1947 September 5,8 4,6 26 79,5 
October 7,2 6,0 28 73,4 
November 6,6 6,0 3 73,0 
December 8,2 4,4 < 1 72,5 
1946 Jan - Apr 10,3 3,9 72,6 
1947 Sep - Dec 6,8 5,3 74,6 
Table 6 Species turnover between 1945 (pre-fire) and 
the last survey in 1951. The Chi-square value of 4,33 
(7 d.f., P = 0,74) and the Sorenson index were calcu-
lated from the total changes per treatment (Table value 
x 5 quadrats per treatment) 
Mean number 
of 
Month species/ quadrat Percent Sorenson 
Comparison of of CSQ index 
1945 vs. burn Lost Gained value (0J0) 
1951 January 5,8 4,2 8 86,8 
February 4,4 4,0 84,5 
March 4,8 5,2 16 81,5 
April 6,2 4,2 16 76,5 
1951 September 6,6 4,6 I3 77,9 
October 5,4 6,6 45 79,5 
November 7,0 5,6 < 1 86,0 
December 5,6 4,6 < I 78,6 
1951 Jan - Apr 5,3 4,4 82,3 
1951 Sep - Dec 6,1 5,4 80,5 
Discussion 
The effects of season of burn in this experiment were 
examined over portions of two summers falling into the 
calendar year of 1945. September 1945 and the period from 
January to April in 1945 were exceptionally hot and dry 
(Figure 2). The winter rainfall during 1946 was well below 
normal except for the rainfall during September. During the 
spring and summer of 1944 the rainfall was closer to the mean. 
These variations in the climate could have affected the 
responses of the plants in two ways. Firstly the low rainfall 
during the spring and summer of 1945 could have reduced 
the amount of seed produced in 1945 relative to the amount 
produced in 1944. Secondly the low winter rainfall in 1946 
could have resulted in higher mortality rates for seeders 
during germination, emergence and establishment in 1946 than 
in 1945. 
Plant density 
Anthospermum aethiopicum flowers from July to October 
and its seed is dispersed from December to January (Levyns 
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1929). Levyns (1929, 1935b) found that A. aethiopicum seed 
had no inherent dormancy. Therefore it does not accumulate 
seed reserves which can act as a buffer against yearly variations 
in seed production. The dry conditions in 1945 could have 
reduced the seed production of this species so that there was 
less seed available for germination in the winter of 1946 than 
in the winter of 1945. This would explain the unexpected and 
significant difference between the mean densities of seedlings 
on the quadrats burnt in December and January, and the 
January to April and September to March groups, by 
February 1947 (Table 2). 
The general differences in post-fire plant densities between 
the December and January treatments (Figure 3) and the 
similar responses of the other selected taxa (Table 1) are not 
as easily explained. Levyns' (1935a, b) data suggests that 
Stoebe species should have a cumulative seed bank in the soil. 
Seed of Stoebe species could have been dispersed into the 
quadrats by wind but the consistent differences in density 
(Table 1) suggest that dispersal was negligible in these species. 
There are no data on seed stores in Ficinia species, but like 
grasses they probably have soil-stored seed. Nevertheless 
analyses of these taxa and the data in Table 2 and Figure 3 
show that the January to April treatments come closest to 
maintaining pre-treatment densities. The best explanation for 
this is that the low winter rainfall during 1946 (Figure 2) 
resulted in higher mortality during seedling germination and 
establishment than was the case in 1945. These dry conditions 
may also explain the large decline in seedling densities from 
1946 to 1947 on the quadrats burnt from January to April 
(Figure 3). A comparison of the differences in the numbers 
of plants of A . aethiopicum (seeder) and grasses (mainly 
sprouters) in 1946 in the September to December treatments 
(Table 1) emphasizes the greater stability of populations of 
the sprouting species. 
Species richness 
Much of the increase in species richness is due to the ap-
pearance of species recorded previously on other quadrats, 
although several new species, notably Helichrysum species, 
were recorded after the fires . Some of these species may have 
immigrated after the quadrats were burnt, or their seed may 
have been dormant in the soil and germinated after burning. 
These species are classifiable as fire 'ephemerals', short-lived 
species with fire-stimulated germination. But species such as 
Cymbopogon marginatus are long-lived and distinctive and 
their appearance only after the fues can only be due to seed 
immigration. Many of the species that were not recorded 
before the quadrats were burnt are mentioned by Rycroft 
(1950) as being present in a very similar community in the 
Biesievlei catchment in the Jonkershoek valley and may have 
occurred in the surrounding vegetation. 
Species turnover 
A number of species were recorded for the fust time after 
the fires (Table 3). Geophytes, such as Androcymbium 
capense, were present as dormant bulbs. Both Wicht (1948) 
and Levyns (1929), working in a floristically similar com-
munity dominated by Elytropappus rhinocerotis Less., com-
ment on the increased abundance, vigour and flowering of 
geophytes after fires , notably Oxalis species. Unfortunately 
all the surveys of the quadrats, except for one in July 1945 
(Wicht 1948), were done when the geophytes were generally 
dormant, so that data on the responses of the geophytes are 
limited. However, Androcymbium capense and Hexaglottis 
/ongijolia were stimulated by the fires, being dormant both 
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in 1945 and 1951 (Table 3). Micranthus alopecuroides and 
Babiana disticha were stimulated by the January to April and 
October burns but not by the others. These geophytes are 
examples of species whose reproductive activity is stimulated 
by fIre and are ecologically analogous to the short-lived and 
annual flora prominent after chaparral fIres (Hanes 1971). 
Cymbopogon marginatus and Hyparrhenia hirta were 
favoured by spring burns whilst Aspalathus crenata, A. ciliaris 
(fIrst appeared in 1947) and Psoralea jruticans were favoured 
by autumn burns. Several species present before the fIre, for 
example Euphorbia genistoides and Pelargonium myrrhi-
jolium (a geophyte), increased in frequency after the treat-
ments but had decreased again by 1951. 
Adamson (1935) found that only 33 (36070) of the 92 species 
in a community on Table Mountain were present both before 
and after a fIre. The number of new species after the fire 
increased from 18 (20% of 92) immediately after the fire to 
55 (60%) 6,5 years later. The corresponding change in the 
number of species not found again after the fire was from 
50 (54%) to 29 (32%). In this study the number of species 
present both before and after the fIres is much higher, being 
43 (86%). The number of species lost (excluding dormant 
geophytes) is 4 (8%) and of new species is 20 (40%). This 
is much closer to the typical succession pattern for fynbos 
with virtually all the species being present in the initial stages 
(Kruger & Bigalke 1984), and follows the inhibition model 
of plant succession (Connel & Slatyer 1977). The species 
turnover during the recruitment phase and the subsequent 
return towards the initial composition found in this study 
implies that some species require specifIc microsites, sensu 
Grubb (1977), to regenerate successfully in this fynbos 
community. 
Trabaud & Lepart (1981) found a greater increase in the 
number of species after autumn fires than after spring fires 
in Mediterranean garrigue. They attribute this to the slower 
regrowth and lowered competitive ability of the dominant 
species Quercus coccifera L., a sprouter, after autumn fires. 
In Wicht's experiment the dominants were largely seeding 
species so that differences in the competitiveness of sprouters 
would probably not account for the increases in species 
numbers after autumn fIres . The greater gains and lower losses 
of species following the December to April treatments could 
be the result of the cleaner burns creating an environment 
in which more species could establish themselves although they 
fail to persist in the mature community. 
Conclusions 
The two most obvious results are: Firstly, that the effects of 
the treatments fall into two groups, September to December 
and January to March, rather than into a seasonal pattern. 
However this is probably due to the experimental design and 
the effects of rainfall patterns rather than a major difference 
between treatments in December and January, as argued 
above. Secondly, that the initially signifIcant effects of the 
treatments on species populations, species richness and species 
turnover have largely disappeared by the time the community 
is 6 years olel If so, can this be generalized to say that season 
of burn and rainfall patterns do not have significant long-term 
effects on fynbos communities? 
The major argument against such a generalization is based 
on the small size of both the quadrats (2 x 2 m) and the 
total area (18 x 42 m) used for this experiment. The initial 
problems that were encountered, such as having to add fuel 
to the quadrats and the cool fIres, have already been pointed 
out above. Wicht (1948) thought that the dispersal of seed 
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into the quadrats, from other quadrats or the surrounds or 
the nearby mature vegetation was not important. However, 
the data fmm the post-fire surveys show that there is a general 
increase in plant density on the quadrats burnt between 
September and December (Figure 3). This trend could be due 
either to seed production by the species in situ or to the 
dispersal of seed into the quadrats or both. However, many 
of the species which increase in density after the second wet 
season require several years to begin flowering e.g. at least 
3 years for A. aethiopicum (unpublished records of flowering 
on the burnt quadrats). Additional evidence of seed immi-
gration comes from the increases in the number of quadrats 
on which species were recorded (frequency) in the second and 
subsequent years after the fires. For example the frequencies 
of A. aethiopicum, Hibiscus aethiopicus, Themeda triandra 
and Ficinia capi//aris increased from 1948 to 1951. However, 
the seed immigration and the successful germination and 
establishment of species between fires found in this experiment 
have not been recorded in other studies of fynbos (Kruger 
1984). The trends found in this experiment would probably 
be confIned to the perimeter of the large areas burnt during 
most fires in fynbos. Therefore I would expect the marked 
initial effects recorded in this experiment to be maintained 
in the developing and the mature community following typical 
fynbos fIres. 
The rainfall patterns before, during and after the experi-
mental burns had a marked effect on the results, but there 
is still sufficient evidence that season of burn had a marked 
effect on the density of seedlings, species richness and species 
turnover. The hypotheses of no effect are not supported by 
the results of this experiment which suggest that it is better 
to burn from December to April than from September to 
November. This also supports the conclusions reached by 
Bond (1984), Van Wilgen & Viviers (1985) and Le Maitre 
(1984) that summer and autumn fires are essential for suc-
cessful regeneration. Season of burn appears to have a shorter-
term effect on the species composition of fynbos communities 
than on species populations. Nevertheless a single spring or 
winter burn may alter the community structure, particularly 
the dominance of the Proteoid component (Bond et al. 1984). 
Decreases in plant populations, following repeated fires in 
spring, to below the threshold for self-maintenance could 
result in the permanent loss of species from that community. 
Manipulations of the fIre regime can result in long-term 
changes in community structure. The composition of the post-
fire community in fynbos is very largely the result of the fIrst 
seedling recruitment opportunity after the fIre. More detailed 
studies of this critical period and the role of climatic patterns 
and biotic factors are needed before a predictive understanding 
of fynbos dynamics can be developed. 
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Appendix 1 A list of all the positively identified 
species, with full citations, encountered during the 
surveys of the quadrats. Those noted by observers but 
not found in the summer surveys are included 
Cymbopogon marginatus (Steud .) Stapf ex Burrt Davy 
Hyparrhenia hirta (L.) Stapf 
Heteropogon contortus (L.) Roem. et Schult. 
Themeda triandra Forssk. 
Ehrharta calycina J.E.Sm. 
Merxmuellera stricta (Schrad.) Conert 
Plagiochloa uniolae (L.f.) Adamson et Sprague 
Briza maxima L. (exotic) 
Ficinia capillaris (Nees) Levyns 
Tetraria ustulata (L.) C.B.Cl. 
Restio cuspidatus Thunb. 
Androcymbium capense (L.) Krause 
Protasparagus rubicundus (Berg.) Oberm. 
Cyanella hyacinthoides L. 
Moraea viscaria (L.f.) Ker-Gawl. 
Hexaglottis longijolia (Jacq.) Vent. 
Aristea africana (L.) Hoffmg. 
Babiana disticha Ker-Gawl. 
Gladiolus carneus Delaroche 
Micranthus alopecuroides (L.) Rothm. 
Protea acaulos (L.) Reich. 
Protea burchellii Stapf 
Leucadendron salignum Berg. 
Thesium sp. cf. T. virgatum Lam. 
Erepsia anceps (Haw.) Schwant. 
Crassula sp. cf. C. fascicularis Lam. 
Montinia caryophyllacea Thunb. 
Clijfortia atrata Weim. 
Clijfortia pterocarpa (Harv.) Weim. 
Podalyria myrtillijolia Willd. 
Aspalathus ciliaris L. 
Aspalathus crenata (L.) Dahlg. 
Aspalathus cymbijormis D.C. (Cited as A. divaricatus 
by Wicht 1948) 
Psoralea fruticans (L.) Druce 
Pelargonium myrrhijolium (L.) L'Herit. 
Oxalis purpurea L. 
Oxalis versicolor L. 
Adenandra marginata (L.f.) Roem. et Schult. subsp 
serpyllacea (Bartl.) Strid 
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Appendix 1 Continued 
Diosma hirsuta L. 
Polygala bracteolata L. 
Muraltia heisteria (L.) D. C. 
Clutia sp. cf. C. alaternoides L. 
Clutia polygonioides L. 
Euphorbia genistoides Berg. 
Rhus rosmarinifolia Vah! 
Rhus tomentosa L. 
Phylica spicata L.f. 
Hibiscus aethiopicus L. 
Hermannia alnifolia L. 
Gnidia viridis Berg. 
Passerina vulgaris Thoday 
Centella glabrata L. 
Diospyros glabra (L.) De Winter 
Salvia ajricana-caerulea L. 
Ojtia ajricana (L.) Bocq. 
Selago spuria L. 
Agathelpis dubia (L.) Hutch. 
Anthospermum aethiopicum L. 
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Appendix 1 Continued 
Galium sp. cf. G. subvillosum Sond. 
Scabiosa columbaria L. 
Helichrysum crispum (L.) D.Don 
Helichrysum cylindriflorum (L.) Hilliard et Burtt 
Helichrysum cymosum (L.) D.Don 
Helichrysum indicum (L.) Grierson 
Helichrysum teretifolium (L.) D.Don 
Helichrysum odoratissimum (L.) Sweet 
Stoebe aethiopica L. 
Stoebe capitata Berg. 
Stoebe plumosa (L.) Thunb. 
Elytropappus gnaphaloides (L.) Levyns 
Metalasia cephalotes (Thunb.) Less. 
Eroeda capensis (L.) Levyns 
Senecio pinifolius (L.) Lam. 
Senecio pubigerus L. 
Dimorphotheca sp. cf. D. pluvialis (L.) Moench 
Chrysanthemoides monilifera (L.) T.Norl. 
Sonchus oleraceus L. (exotic) 
